Background: Reactivation of human herpesvirus (HHV) infection, especially HHV-6, has been observed in patients with drug-induced hypersensitivity syndrome (DIHS). In toxic epidermal necrolysis (TEN) and Stevens-Johnson syndrome (SJS), the relevance of HHV infection to the symptoms is unclear. Methods: Patients with a diagnosis of DIHS (n = 7), TEN (n = 5) and SJS (n = 4) were included in the present study. These patients were evaluated for the presence of active HHV-6, HHV-7 and cytomegalovirus (CMV) infections by serological tests and polymerase chain reaction with blood. Results: More than 3 weeks after the onset of DIHS, HHV-6 serological tests revealed a remarkable rise in IgG antibodies in six patients, including one treated without steroids. Human herpesvirus-6 DNA was detected in blood from three patients. In one patient with DIHS, reactivation of CMV was shown without reactivation of HHV-6, whereas in three patients anti-CMV IgG antibodies increased after the rise of anti-HHV-6 IgG antibodies. Anti-HHV-7 IgG antibodies did not show remarkable rises in any of these patients. As for patients with TEN and SJS, anti-HHV-6, anti-HHV-7 and anti-CMV IgG antibodies showed no significant increase, except for one patient in whom anti-HHV-6 and anti-HHV-7 IgG antibodies increased, but not more than 1 : 160, after steroid therapy. Human herpesvirus-6 DNA was not detected in the blood of those patients. Conclusions: Human herpesvirus-6 reactivation in patients with DIHS is not due to non-specific reactivation induced by steroid therapy, but to events specific to DIHS. We hypothesize that DIHS may occur as a result of reactivation of HHV, especially HHV-6, accompanied with an allergic reaction to drugs, followed by a substantial immune response to the virus that is probably responsible for visceral involvement.
INTRODUCTION
The association between viral infection and drug eruption has been well documented in infectious mononucleosis caused by Epstein-Barr virus (EBV), in which ampicillin rash is frequently observed. In addition to EBV, human herpesvirus (HHV)-6 and cytomegalovirus (CMV; HHV-5) have also been reported as causative viruses of infectious mononucleosis-like syndrome. 1, 2 Recently, active infection of HHV-6 has been reported in drug-induced hypersensitivity syndrome (DIHS) or drug reaction with eosinophilia and systemic symptoms (DRESS). [3] [4] [5] [6] Cytomegalovirus was also detected in a few patients with DIHS. 7 Drug-induced hypersensitivity syndrome is a serious adverse systemic reaction that usually occurs within 3-6 weeks from the start of treatment. It is characterized by generalized exanthematous eruption, high fever, liver dysfunction, lymphoadenopathy and marked leukocytosis accompanied by eosinophilia and atypical lymphocytosis, [8] [9] [10] [11] occurring after administration of, particularly, anticonvulsants and salicylates. Those manifestations are also observed during infectious mononucleosis.
Toxic epidermal necrolysis (TEN) and Stevens-Johnson syndrome (SJS) also present as a serious druginduced rash with skin excoriation, necrotic lesions on mucous membranes and visceral involvement. 12 In contrast with DIHS, TEN and SJS are not usually associated with lymphoadenopathy or with marked leukocytosis and atypical lymphocytes. Although an increase in antibodies to herpes simplex virus (HSV) is observed in some SJS patients, the active infection of HHV-6 and CMV has not been studied in TEN and SJS. Therefore, the relevance of HHV infection to these diseases has not been elucidated.
In the present study, we examined HHV infection in patients with DIHS, TEN and SJS to clarify the involvement of HHV infection in the pathogenesis of these diseases.
METHODS

Patients
Patients with a diagnosis of DIHS (seven males), TEN (three males and two females) and SJS (two males and two females) were examined. The age range was 14-77 years in DIHS, 10-73 years in TEN and 5-54 years in SJS. The diagnosis of TEN and SJS was based on the criteria proposed by Bastuji-Garin et al. 13 All patients with TEN showed epidermal detachment of more than 30% of their body surface. The diagnosis of DIHS was based on the late onset (more than 2 weeks) from the start of drug therapy, the presence of widespread exanthematous eruption, high fever, liver dysfunction (alanine aminotransferase >50 IU/L) and leukocytosis (>11 000 /µL) accompanied by atypical lymphocytosis and/or eosinophilia (>600/µL).
Virological investigations were performed to examine the possibility of a viral infection. Samples of patients' sera were tested for EBV, HSV, HHV-6, HHV-7 and CMV. The sera were obtained between 2 and 11 days after the onset of the diseases for the first test and beyond day 21 for further tests. Sera were tested for anti-HHV-6 and anti-HHV-7 antibodies by fluorescent assay and by enzyme immunoassay (EIA) for anti-EBV, ant-HSV and anti-CMV antibodies. An increase of fourfold or more of titers between the samples was regarded as significant.
The polymerase chain reaction (PCR) procedure was used to detect HHV-6, HHV-7 and CMV DNA in sera and peripheral blood mononuclear cells (MNC) from five patients with DIHS and eight patients with TEN and SJS. The HHV-6 and CMV load in some of those sera and MNC was also quantified using real-time PCR. 14, 15 
RESULTS
The drugs responsible and the time between the start of drug therapy and eruption are given in Table 1 . In many cases, the causative drug of DIHS was an anticonvulsant (three carbamazepine and two phenytoin). Mexiletine, an anti-arrhythmic agent, and cyanamide, an alcoholdeterrent agent, also caused DIHS. As for TEN and SJS, the drug responsible was an anticonvulsant in two patients, cold medicine or acetoaminophen in three patients and omeprazole, an anti-ulcerative agent, in one patient. In two patients, the drugs responsible could not be determined because several drugs, including some antimicrobials and anti-inflammatory agents, were administered concomitantly. Six of seven patients with DIHS developed skin eruption after more than 4 weeks of therapy. All patients with TEN and SJS developed skin eruption within 3 weeks from the start of therapy.
All patients were cured after hospitalization and the treatments administered are given in Table 1 . All patients with DIHS, except for one (case 2), were treated with systemic corticosteroids. Eight patients, including two DIHS patients, recovered after 500-1000 mg/day methylprednisolone pulse therapy for 3 consecutive days. A 10-year-old boy with TEN was treated with 30 mg/kg bodyweight methylprednisolone per day for 3 consecutive days and 1 mg/kg bodyweight per day cyclosporine. In patients with TEN and SJS, conservative skin dressings were used.
All patients with DIHS showed substantial leukocytosis (16 500-38 720/µL) with atypical lymphocytosis (253-3963/µL) and eosinophilia (660-12 930/µL) before corticosteroid therapy (Table 2 ). In contrast, leukocytosis was not observed in any patient with TEN and in only one patient with SJS before therapy. Only one patient (case 12) with TEN showed mild eosinophilia (739/µL). In one patient with TEN (case 11), mild atypical lymphocytosis (92/µL) was observed after steroid pulse therapy. -
---- †White blood cell count (× 10 4 /µL): -, <1.1; +, between 1.1 and <2; ++, between 2 and <3; +++, ≥ 3. ‡Eosinophils (/µL): -, < 600; + between 600 and <1000; ++, between 1000 and <3000; +++, ≥ 3000. §Atypical lymphocytes (/µL): -, <90; +, between 90 and <500; ++, between 500 and <2000; +++, ≥ 2000.
*Alanine aminotransferase (IU/L): -, <50; +, between 50 and <100; ++, between 100 and <300; +++, ≥ 300.
In patient 11, atypical lymphocytosis was observed after steroid pulse therapy.
Liver involvement was recognized in all DIHS patients (alanine aminotransferase 202-596 IU/L) and in five of 10 patients with TEN and SJS (51-175 IU/L).
In the first serum samples from patients with DIHS, IgM antibodies to HHV-6, HHV-7 and CMV were not detected. In those samples, anti-HHV-6 and HHV-7 IgG antibodies were 1 : 80 or less. However, more than 3 weeks after the onset of the disease, HHV-6 serological tests revealed a marked rise (1 : 1280-1 : 10 240) of IgG antibodies in six of seven patients with DIHS ( Table 3 ). Anti-HHV-6 IgM antibodies were detected in only one of the six patients after an increase in anti-HHV-6 IgG antibodies. In the remaining patient with DIHS (case 3), 7 a serological test for CMV showed increases in IgM and IgG antibodies 7 weeks after the onset of the disease without an increase in anti-HHV-6 IgG antibodies. In three patients (cases 1, 4 and 6), anti-CMV IgG antibodies also increased after the increase in anti-HHV-6 IgG antibodies. Anti-HHV-7 IgG antibodies did not show any significant increases in any of the patients with DIHS. Human herpesvirus-6 DNA was detected in the MNC of three patients (cases 1, 6 and 7) 3 weeks after the onset of the disease (Table 4 ). In case 7, 16 quantitative analysis of HHV-6 load showed as high as 3.5 × 10 5 copies per 10 6 cells. In case 1, HHV-6 DNA was detected in the serum, followed by the appearance of CMV DNA in serum obtained 2 weeks later. In this patient, HHV-7 DNA was also detected in MNC after HHV-6 DNA was detected. In cases 1, 3 and 4, CMV DNA was detected in sera.
As for patients with TEN and SJS, anti-HHV-6, HHV-7 and CMV IgM antibodies were all negative and the IgG antibodies for those viruses showed low values (anti-HHV-6 IgG 1 : ≤ 80, anti-HHV-7 IgG 1 : ≤ 160, anti-CMV IgG < 2.0) during the course of the disease ( Table 5 ). In case 8, anti-HHV-6 IgG and anti-HHV-7 IgG antibodies showed increases within this range on day 69 (day 20 anti-HHV-6 IgG antibody 1 : 20, anti-HHV-7 IgG antibody 1 : ≤ 10; day 69 anti-HHV-6 IgG antibody 1 : 20, anti-HHV-7 antibody IgG 1 : 160). Human herpesvirus-6 DNA was not detected in patients examined except for one patient with TEN, in whom HHV-7 DNA was detected in the MNC with atypical lymphocytosis.
Serological tests for EBV and HSV showed no IgM and stable IgG titers in any patient with DIHS, TEN and SJS. Hepatitis B virus in the sera and serological tests for hepatitis C virus were negative in all patients.
DISCUSSION
The role of HHV-6 in the pathogenesis of DIHS has been debated in recent years and it has not been clarified whether active HHV-6 infection is specific to DIHS. It was reported that patients who developed macropapular exanthema due to drugs were not positive for HHV-6 DNA by PCR and by immunohistochemical analysis in any exanthematous skin and peripheral blood lymphocytes. 17 However, there have been no reports in which HHV infection has been investigated in patients with TEN and SJS.
Human herpesvirus-6 infection occurs in children before 2 years of age. It is usually asymptomatic and symptomatic primary infection induces exanthema subitum. However, severe primary infection may cause mononucleosis-like syndrome, hepatitis, meningoencephalitis and interstitial pneumonitis, mostly in immunosuppressed patients, such as bone marrow transplant recipients.
In sex of our seven DIHS patients, active HHV-6 infection was evidenced by a marked rise in anti-HHV-6 IgG antibodies and, in one of patient, low titers of anti-HHV-6 IgM antibodies were detected, which could have been due to either primary infection or reactivation. In all three -ND  ND  ND  9 - patients in whom we investigated HHV-6 DNA in MNC by PCR, the HHV-6 genome was detected. However, the meaning of HHV-6 DNA in MNC is controversial when the number of DNA copies is not high, because it can be detected in more than 30% of healthy persons. 18 In two of the three patients with a positive result by PCR analysis, the number of DNA copies in MNC was as high as 9 × 10 2 copies per 10 6 and 3.5 × 10 5 copies per 10 6 cells. As for the other patient with a rather low value of HHV-6 DNA copies in MNC, HHV-6 DNA was also detected in the serum. This indicated active replication of HHV-6, because HHV-6 DNA is never detected in the serum of healthy subjects. 18 Therefore, these data seem to indicate reactivation of HHV-6 in those patients. Infection with other human β-herpesvirus, namely HHV-7 and CMV, for which primary infection occurs, as with HHV-6, in early childhood, was also investigated in those DIHS patients. None of the patients examined showed an increase of antibodies against HHV-7. However, HHV-7 DNA was detected in MNC on day 59 following HHV-6 DNA detection in one patient. This may indicate that HHV-6 may have induced HHV-7 reactivation in the patient, because both HHV-6 and HHV-7 are known to infect and reside in circulating CD4 + lymphocytes 19 and HHV-7 reactivation has been reported to trigger reactivation of HHV-6. 20 In four patients with DIHS, reactivation of CMV was recognized. Three showed an increase of anti-CMV IgG antibodies and positive PCR results for CMV in the serum after reactivation of HHV-6. The remaining patient was positive for the CMV genome in the serum without HHV-6 active infection, although HHV-6 genome in blood was not examined. These findings indicate that CMV infection may contribute to the aggravation of symptoms of DIHS in at least some patients. Otherwise, steroid therapy may induce reactivation of CMV without any contribution to the symptoms, although the role of CMV reactivation after HHV-6 reactivation is not clear in DIHS.
In nine patients with TEN and SJS, either IgG or IgM antibodies for HHV-6, HHV-7 and CMV increased during the course of the disease. In one patient with SJS, IgG antibodies for HHV-6 and HHV-7 increased after steroid therapy, but those values were not high. Human herpesvirus-6 DNA was not detected in any of the eight patients examined. Only one patient was positive for HHV-7 DNA after steroid pulse therapy. Therefore, HHV infection does not seem to play an important role in the pathogenesis of TEN and SJS.
Regarding the relationship between HHV-6 reactivation and steroid therapy in patients with an adverse drug reaction, this should be discussed because reactivation of HHV has been reported in immunosuppressed patients after transplantation. 21 One of our patients with DIHS showed HHV-6 reactivation despite the fact that he had not received steroids or other immunosuppressive therapy. In another patient, just 10 mg prednisolone had been administered prior to the increase in anti-HHV-6 IgG antibodies. In addition, despite massive administration of corticosteroids, all patients with TEN and SJS showed negative results for HHV-6 reactivation. Taken together, these data indicate that HHV-6 reactivation in patients with DIHS was not due to non-specific polyclonal reactivation induced by steroid therapy, but to events specific to DIHS.
It has not been elucidated how HHV-6 infection contributes to the pathogenesis of DIHS. Although viral infection may be responsible for the development of the symptoms, the trigger of HHV-6 reactivation remains to be clarified. Hypogammaglobulinemia was recognized in some patients at the onset of DIHS. 6, 14, 22 This may indicate a disturbance of the immune system in those patients, although it is known that some patients who are administered anticonvulsants show hypogammaglobulinemia even without DIHS. 23, 24 Furthermore, it has been reported that in patients with DIHS, metabolites of the drugs generated through abnormal, detoxification pathways are cytotoxic or capable of disturbing the immune system. 25, 26 The induction of antibodies to cytochrome P450 components could be related to virus infection in DIHS. 6, 27 In addition, many factors, such as positive patch testing and the drug-induced lymphocyte stimulation test, suggest an allergic mechanism in DIHS. 26, 28 Thus, we hypothesize that DIHS may occur as a result of reactivation of HHV, especially HHV-6, accompanied by an allergic reaction to drugs in patients whose immune system has been affected by drugs. This may be followed by a substantial immune response to the virus, which is probably responsible for the visceral involvement, such as liver dysfunction.
